The underlying changes in the neuronal connectivity adjacent to brain tumours cannot always be depicted by conventional MR imaging. The hypothesis of this study was that preoperative neuropsychological deficits were associated with impairment of diffusivity in association fibre bundles. Hence, we investigated the potential of combined diffusion tensor imaging (DTI) fibre tracking and fractional anisotropy (FA) values of the fibres to determine changes in association fibres and their correlation to neuropsychological scores. Our study consisted of eighteen patients with extra-axial brain tumours in areas adjacent to the frontal and temporal lobes. They were assessed pre-and postoperatively with DTI and neuropsychological assessments. MR examinations were performed on a 3T-scanner. FA values were calculated for the uncinate fasciculus, arcuate fasciculus, superior fronto-occipital fasciculus, inferior fronto-occipital fasciculus and corticospinal tracts ipsilateral and contralateral to the tumor. These values were compared with neuropsychological scores for language, memory and attention. The analysis revealed marked differences in pre-and post-excision of the tumor in both FA values and neuropsychological scores. Quantitative DTI was able to show significant differences in diffusivity of the association fibres before and after the surgery (P < 0.05). The additional use of DTIfibre integrity and neuropsychological tests may aid in prognostication and decision making prior to surgery. 
Introduction
Diffusion tensor imaging (DTI) involves a subset of magnetic resonance imaging that exploits the phenomenon of anisotropy in cellular microstructure to generate quantitative visual depictions of in vivo structure and function of tissue pathways [1] . This method has been widely applied in the study of white matter tracts of the brain with significant insights generated with regard to neural connections and their association with neurological disease, including intracranial tumours [2] [3] [4] . Diffusion tensor imaging in particular allows a quick, noninvasive, in vivo mapping of white matter tracts and potential patterns of impairment in function and structure. Patterns of impairment of white matter tracts in intracranial tumours have been described such as disruption, inflitration, displacement and widening [5] . Information gained from such tractographic analyses of white matter tracts have been applied clinically to determine maximal safe margins of resection of intracranial tumours with respect to adjacent white matter fibres [6] .
White matter fractional anisotropy (FA) is thought to be related to white matter integrity and decline in FA is often used as an index of decreasing WM health [7] . Mean diffusivity (MD) and fractional anisotropy (FA) are the two most commonly used measures of white matter integrity. FA refers to the coherence of the orientation of water diffusion, independent of rate. It can be calculated as the fraction of total diffusion that can be attributed to anisotropic diffusion, which is derived from the normalized variances of the three eigenvalues [8] , with higher values corresponding to a more consistent diffusion orientation. Taken together, a breakdown in white matter integrity would be seen as lower FA [9] .
The frontal and temporal lobes have long to be known to play a vital role in speech, memory and attention of normal individuals, more so the dominant hemisphere [10] [11] [12] [13].
Our study is an attempt to quantify the neurologic dysfunction that results from the impairment of major association white matter tracts as defined via diffusion tensor imaging with a standardized neuropsychological assessment, specifically in patients with extra-axial tumours. The utility of neuropsychological assessment in this study lies in the identification of potential deficits that would not be easily acquired via routine bedside neurological examination. Here, we present our results on eighteen patients with intracranial extra-axial tumours located at the frontal or temporal lobes and analyzed their neuropsychological scores for memory, attention and language in relation to the fractional anisotropy values (FA) for uncinate fasciculus (UF), arcuate fasciculus (AF), corticospinal tract (CST), inferior fronto-occipital fasciculus (IFOF) and superior fron-to-occipital fasciculus (SFOF).
Materials and Methods

Subjects
Eighteen patients with extra-axial brain tumours adjacent to the frontal and temporal lobes were assessed pre-and postoperatively with DTI and neuropsychological assessments. The first patient was recruited in January 2014 and the trial was closed to recruitment in November 2015. The preoperative assessments were done on initial diagnosis prior to starting the patient on steroids. The postoperative assessments were done at 6 weeks after the surgery. The study was approved by the local research and ethics committee (ref: 304/PPSP/61312142) and informed consent was obtained from all subjects. Patients recruited were adults over the age of 12 to 70 years, with extra-axial lesions at the frontal and temporal regions of the brain, and with valid consent from the patient or direct family members if the patient was unable to give informed consent.
Patients who did not fit into the age range, and with existing conditions which could independently affect the outcome scores, or who were not suitable for surgery or MRI were not included into the study. From the literature review for DTI, the significant detectable difference for pre and postoperative data from previous study for DTI FA values (δ) was 0.04 [7] and the standard deviation (σ) for normal control was 0.06. Therefore, the calculated sample size using t-test comparing 2 means formula was 20.
Considering 20% drops from the study, the total required number of patient was 24.
However due to time constraints and limited number of patients with matching pathology, we only managed to recruit 18 patients.
DTI Study
All MR examinations were performed on a 3T-MRI scanner (Philips Achieva). Mean These values were compared with neuropsychological scores for memory, language, and attention. min. A T1-weighted scan (3D T1-TFE) was performed as an anatomical reference using identical orientation and slice thickness as the DTI scan. Reconstructed pixel size was 1.9 mm × 1.9 mm for both DTI and T1-weighted images.
Data Acquisition
Data Processing
DTI data was acquired using the ''FiberTrak'' package included in the Extended MRI Workspace (EWS) R 2.6.3 (Philips Achieva 3.0T X-series). The DTI data was trans- The images are then broken down into axial, sagittal and coronal planes to study the individual tracts.
Neuropsychological Tests
The neuropsychological tests applied for this study are divided into 3 main components: memory, attention and language assessments. The memory tests were for the immediate, delayed, auditory and total memory. The attention test used was Comprehensive Trail Making Test (CTMT) and for the language assessments, the batteries of tests were for visual naming, sentence repetition, controlled oral word association, oral spelling, written spelling, block spelling, token test, aural and reading comprehension [17] [18].
Statistical Method
Inferential Statistical analysis was performed with the use of commercially available software SPSS Inc. Version 20. Probability values <0.05 were considered significant.
Analysis based on Wilcoxon-signed rank test (non-parametric test) for the significant difference between pre and post results (p-value < 0.05).
Results
Demographic Data of the Study
Eighteen patient's data were analyzed for demography, clinical condition, neuropsychological impairments, and the FA values of the white matter tracts. There were 11 female and seven male patients with age ranging from 22 to 64 years of age (mean age Grade IV-subtotal resection) [19] . Further analysis was made for neuropsychological scores together with fractional anisotropy values for all studied-white matter tracts in these eighteen patients and is depicted below in Table 1 . Table 2 shows the results in all the 18 parameters measured during neuropsychological assessment before and after surgery for 18 parameters tested, with p-value < 0.05 statistically significant. The patients show a statistically significant improvement in all the parameters tested following surgery. 
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FA Values for the Pre and Postoperative White Matter Tracts
As shown in Table 3 
FA Lobes and Outcomes
FA values of the lobes of the brain were also measured as shown in 
Discussion
Clinical Outcomes and White Matter Tracts
For our study we explored the effect of main association white matter tracts and cognitive performance in patients with tumours compressing on the frontal or temporal lobes of the brain. We chose ROI-based analyses because of its superior validity compared to voxel-based or deformation based approaches at present. We focused on the long association fibre tracts because they represent important connections of the cortico-cortical and limbic-association cortical networks which are known to play a major role in cognitive functioning and language [22] . The fibre tracts integrity was quantified by anisotropy measurements within the arcuate fasciculus, uncinate fasciculus, superior fronto-occipital fasciculus and inferior fronto-occipital fasciculus. Muller et al. previously demonstrated a normal distribution as well as a fairly good reliability and precision of ROI-based DTI measurements using FA values [23] .
We assessed eighteen patients in this study, and as shown in Table 1 there was a fairly wide age distribution among the patients (22 -64 years), while there was slight female preponderance (11 female vs 7 male). The majority of the patients were right handed (17 vs 1) while most of the tumours were left sided (16 vs 2). They all underwent a craniotomy and we managed to achieve tumour excision Simpson grade I and II in all of our patients studied, and for the duration of the study none of them required a second surgery. All of the patients had shown improvement after the surgery as evidenced by the improvement in neuropsychological scoring assessments.
Extra-Axial Tumours and White Matter Tracts-A Human Model to Study Neurocognition
Our study demonstrates that changes in white matter tracts due to tumoral lesions are associated with detectable neuropsychological deficits, and are reversible with surgical removal of such lesions. The selection of frontal and temporal mass lesions in our study is critical due to their likely adjacence to presumed important association white matter fibres involved in speech, memory, and attention. Extra-axial mass lesions were specifically analysed due to their tendency to displace rather than infiltrate or disrupt adjacent white matter tracts [24] [25] [26] . Though the prognostic implications of different white matter tractographic abnormalities remain uncertain [27] [28], we speculate that the likelihood of postoperative resolution of neuropsychological deficits is higher with displaced fibres. The relatively rapid improvement in documented deficits as seen in the postoperative assessment of all three patients suggests that the predominant mechanism of dysfunction in such patients is white matter compression. This highlights the usefulness of this type of pathology as a model to study the effects of intracranial lesions on neuropsychology and in assessing the validity of certain neuropsychological batteries.
Tracts for Memory, Attention and Language and Neuroplasticity
Some patients may present with gross memory, attention or language deficits, however subtle cognitive deficits may sometimes only be noted via a thorough neuropsychological assessment and scored accordingly. The scoring system allows accurate comparisons to be made before and after the surgery, or after any sort of intervention. Our study confirmed the importance of doing neuropsychological tests for patients with brain tumours, particularly those affecting the frontal and temporal lobes as they can be used as an outcome assessment for the surgery as evidenced in Tables 2-4 . Additional data from white matter tracts FA values in these patients further elucidated the systematic networks for all cognitive brain functions. From our data obtained from these patients, we can conclude that uncinate, arcuate and inferior fronto-occipital fasciculus in both hemispheres play significant roles in memory and language, whilst the superior fronto-occipital fasciculus may have a role in attentional network. These cognitive networks seem to be bilateral and any tract dysfunction in one brain hemisphere may cause neuroplasticity to occur in a similar tract but in the opposite hemisphere. Neuroplasticity is a constant process allowing all-time rewiring and reshaping of the neuronosynaptic maps, the purpose of this mechanism is to optimize the brain processing and network functions [29] [30]. The capacity for the brain to reorganize itself is critical for the process of functional recovery in patients, and this is often called post-lesional plasticity [31] .
FA Values for the Brain Lobes and Outcomes
Even FA values by lobes showed significant improvement in all the lobes measured after surgery. Of note, even the occipital lobe which was not directly compressed by tumours in this study demonstrated a significant increase in FA values after surgery. This may be due to the fact that the association tracts that pass to the occipital lobe may have been affected by the tumour compression, and hence the FA values of the tract improved after surgery, rendering an overall improvement in FA values of the lobe.
Limitations and Further Study
There were limitations to this study such as the small sample size, and also the short period for reassessment at 6 weeks. There are also shortcomings in the assessment of white matter tracts with regions of interest being observer dependant and may be imprecise. These limitations were dealt with by assessment of regions of interest by 2 independent observers. A future study would likely benefit from a larger sample size and a longer follow up reassessment period.
Conclusion
Quantitative DTI was able to show significant differences in diffusivity of the association fibres before and after the tumoral surgery. The additional use of neuropsychological assessments with white matter fibre integrity evaluated using FA values may aid in prognostication and decision making prior to surgery, which should lead to an improved outcome for the patient in clinical as well as neuropsychological aspects. Further studies may be needed to show a correlation between the two parameters, but this study has shown that there are improvements in fibre integrity and neuropsychological scores after tumour removal surgery. We should pay great heed to the potential damaging effects of brain tumours and its treatment, and further studies on this subject may enable us to understand more about the brain and its functions in order to preserve it for the best possible outcome in patients.
